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�����HกB�?B �IK! �กEBL�����กIMLN�!��D�B$ (?�OBOBP) &�NO�Q$���กRB�HO�SCE H�T�UVFOก�Nก��O� ��'$E� C
��C?�$#�ก��������WOก�Nก��ก�H&�'����XR���CE�N FB� LN'����I�E F������HกB�?�OBOBP&H�H��U$N�$E F�Oก�Nก��WR�'
LB$�XRP�Y$$YT�U�FN�$  C�$��&�'$�YINF�Zก[�ก��NXNK��
BC�����HกB�?�OBOBP 2 P$�N!ABEB$���K�$ (C14H10) E HI?��$ 
(C16H10) NF�'ก�H��$ก��E��E��PDU$$YT�U�FN�$��CO!��HVD �$O
�R��BCP$�N!ABO
�R�O�� _̂$ (RB) &�กก��Ob�I�F
'�C?��� E HO
�R�&�กO!�A�BC'$�DN�OK  (DE) c B�cVdX��VFBC 28˚C ��O!��HVD �ก[cHO�?�H�R�Ce
BCO
�R� OPR$ 
BC!D��HกB�
BC#��� ?AY$���b��E H
$�N
BC�X?��$ OกS�������
FB�X 
BCก�H��$ก��NXNK�� &T� BC
FB�X ก��NXNK��NF�'
��ก��IBLKO�B�D�E��^��$N �!PD (Fre) E H L? �$�'D NX��$�$ O�$�D (PDM) ?��R���YC��ก�� Fre E H PDM �����W
$T���UPFB#���'ก��NXNK�������HกB�?�OBOBP�$O
�R�U$$YT�U�FN�$��CO!��HVDINFN� LN'���!R� KF U$��ก�� Fre E H!R� Vo U$
��ก�� PDM E�NC�HN��
BC�����cก��NXNK�������HกB�?�OBOBP�$O
�R� ��YC$�Y!R� KF 
BCEB$���K�$�$O
�R�O�� _̂$
E H�$O
�R�N�OK ��!R�O�R�ก�� 0.97 E H 0.74 E H!R� Vo 
BCEB$���K�$�$O
�R�O�� _̂$E H�$O
�R�N�OK ��!R�O�R�ก�� 
200.30 E H 187.78 cm3 g-1 ��� T�N�� U$�R�$
BC!R� KF 
BCI?��$�$O
�R�O�� _̂$E H�$O
�R�N�OK ��!R�O�R�ก�� 0.66 
E H 0.62 E H!R� Vo 
BCI?��$�$O
�R�O�� _̂$E H�$O
�R�N�OK ��!R�O�R�ก�� 50.07 E H 44.66 cm3 g-1 ��� T�N�� KZ�C
E�NCUVFOVS$�R�O
�R�O�� _̂$��!���&�U$ก��NXNK�������HกB�?�OBOBP���N�ก�R�O
�R�N�OK  E H?��R�ก��NXNK��
BCEB$���
K�$�$O
�R���YC�BCP$�NOก�N
ZY$INFN�ก�R�ก��NXNK��
BCI?��$ �T�V���?�����O�B�D E ���E�$!R�OB$�� �
V�AB? �CC�$
BCก��
NXNK��U$E��&T� BC PDM INFE�NCUVFOVS$�R�!R� E O�Q$������O�?�H���
BC�����HกB�?�OBOBP O$A�BC&�กI�R��!���
E�ก�R�CB'R�C��$�'�T�!�iO�A�B���?�OBOBPP$�NON�'�ก�$NXNK���$O
�R��R�CP$�Nก�$ N�C���!R� E 
BCEB$���K�$�$O
�R�O��

_̂$E H�$O
�R�N�OK ��!R�O�R�ก�� -8.84 kJ mol-1  E H  -8.62 kJ mol-1 E H!R� E 
BCI?��$�$O
�R�O�� _̂$ E H�$O
�R�
N�OK ��!R�O�R�ก�� -7.39 kJ mol-1 E H -7.45  kJ mol-1 ��� T�N�� 
��������' :  ก��NXNK��, ?�OBOBP, EB$���K�$, I?��$, O
�R�, IBLKO�B�D�ก��NXNK�� 
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Adsorption of Anthracene and Pyrene from Synthetic Ground Water by Diesel  
and Biomass Soots  

 

Nimnual Manop 1) Lupong Kaewsichan * 2) and Juraivan Ratanapisit3) 
 
 

ABTRACT 
 

Polycyclic aromatic hydrocarbons (PAHs) are general toxic to aquatic organisms and many of them 
are carcinogenic and mutagenic to human. PAHs could be transferred from soil into groundwater through 
accumulation of PAHs in benthic organism. This study investigated the adsorption of 2 compounds of PAHs 
that were anthracene (C14H10) and pyrene (C16H10) in synthetic groundwater on two types of soot, rubber-wood 
furnaces soot (RB) and diesel engine soot (DE). The experiments were set up at room temperature of 28˚C. 
Characteristics of the soot, such as carbon contents, specific surface area and pore volume were 
investigated. Adsorption isotherms models, i.e., Freundlich (Fre) and Polanyi-Dubinin-Manes (PDM) were fit 
well to the experimental data. KF in Fre and Vo in PDM illustrated adsorption degree of the soot in which KF of 
anthracene on RB and on DE were 0.97 and 0.74 and VO of anthracene on RB and on DE were 200.30 and 
187.78 cm3 mol-1, respectively. On the other hand, KF of pyrene on RB and on DE were 0.97 and 0.74 and VO 
of pyrene on RB and on DE were 50.07 and 44.66 cm3 mol-1, respectively. Those results have shown that RB 
conducted adsorption capacities larger than DE, additionally the amount of adsorption of anthracene was 
higher than that of pyrene in despite of any kind of soot. The parameter E in PDM model was enthalpy or 
energy of adsorption which is no significant change when the same PAH adsorbed onto the difference soot. 
These were verified by E of anthracene on RB and DE where values were -8.84 and -8.62 kJ mol-1 and those of 
pyrene on RB and DE were -7.39 and -7.45 kJ mol-1, respectively.     
 Keywords: Adsorption, PAHs, anthracene, pyrene, soot, adsorption isotherm 
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1. ����� 
U$�|&&���$��ก��Ob�IV�F$YT���$OPAYBO? �C O�Q$

&T�$�$��ก LN'O�?�HOPAYBO? �C�}L��O �'� O?A�Bก��
$�RC 
ก�H��$ก��B����Vก����R�CeE Hก��V�C�F�U$!���O�AB$ 
$Bก&�ก$�Y������YC��HO����ก��� Xก�F$'�C?��� ��L�CC�$
E���X�I�F'�C?����T�V���C�$O^B�D$�O&B�D�����ก��Ob�IV�F
O�[I�F'�C?���O�Q$&T�$�$��ก U$ก��Ob�IV�FOPAYBO? �C$�Y
$Bก&�กก��INFก~�K!��D�B$INBBกIKNDE H$YT�O�Q$
b ��d�c�D'�C��b ��d�c�D&�กก��Ob�IV�FBA�$eB�ก OPR$ 
!��D�B$L�L$BBกIKND ��O�$ 
�YOWF� O
�R� E H�����HกB�
?B �IK! �กEBL�����กIMLN�!��D�B$ (?�OBOBP) O�Q$�F$ 
O
�R����Oก�N
ZY$$�YO�Q$
BCE
SC�����HกB�NF�'#���!��D�B$
O�Q$�R�$UViR B�&Oก�N
ZY$INF&�ก���ก���'�?B �O�BI�OKP�$ 
V�AB���ก���'�!B$ON$OKP�$
BCOPAYBO? �C KZ�CNF�' �ก[cH
��Cก�'d�?������X?��$E H?AY$���b��
BCO
�R��T�UVF��
!��������WU$ก��NXNK�������HกB�?�OBOBPOB�I�F�$
?AY$b��INF KZ�C�����HกB�?�OBOBPO�Q$�����HกB�B�$���'D
�����O�?�H!��D�B$E HIMLN�O&$O�R�$�Y$O�Q$BC!D��HกB� 
O��'C���O�Q$�CEV�$O�$K�$��OPA�B��RBก�$O�Q$O�F$��C ���
CB V�ABO�Q$ก �R���YCE�R 2 �C
ZY$I�  Oก�N&�กก��Ob�IV�F���
I�R ���X �cD
BC OPAY B O? � C  ก��� RB'!��$ O�� '&�ก
'�$?�V$H ก��Ob����B�$���'D�R�Ce ��YC�����HกB�?�OB
OBPE HO
�R�$��O�Q$ก �R�b ��d�c�D&�กก��Ob�IV�F�����b 
OP�C ��RB��
d�?E H�RB���CE�N FB�KZ�C�����HกB�?�OB
OBP$�Y��!���O�Q$?�[E��O��'�? �$E HE��O�AYB��C�RB
���C��P���� (Grathwohl and Rahman, 2002) O�Q$���กRB
�HO�SC (carcinogen) ���O���'CO�$?�$#�ก��� (mutagen) 
E H�T�UVF���กU$!��dD���X��R�Cb�N�ก�� (teratogen)  ��YC
�����HกB�?�OBOBPE HO
�R������WOก�Nก��ก�H&�'�XR
���CE�N FB�����I��H��U$N�$E HOก�Nก��WR�'LB$�XRP�Y$$YT�
U�FN�$INF  

U$B����Vก���O!����ก��UPF�����HกB�?�OBOBP
ก�$B'R�CV �กV �'   U$C�$��&�'$�YO ABก���EB$���K�$ 
(C14H10) E HI?��$(C16H10) KZ� C��$YT�V$�กL�O ก� E H

$�N
BCL�O ก� �R�Cก�$O�Q$���E�$
BC�����HกB�?�OB
OBPBA�$e  LN'EB$���K�$��HกB�NF�'�CEV�$ 3 �C O��'C

���ก�$U$E$�O�F$��CU$
cH���I?��$��HกB�NF�'�CEV�$ 
4 �CO��'C���E��E$R$  O$A�BC&�ก��YC�����HกB�?�OBOBP
E HO
�R����F$กT�O$�N&�กก��Ob�IV�F ��YC�����HกB�?�OB
OBPE HO
�R�&H�H��U$�R�$
BCb��N�$E HP�Y$$YT�U�FN�$ 
�����HกB�?�OBOBP��!R�!���N�$IB�XC&ZCI�R�HOV' c 
�d��HB�cVdX��
BCb��L ก �d��H!���I�F
�Y�
BC���?�OB
OBP�T�UVFLBก�����&H�$O�_�B$�$O
�R�V�ABL! $��E H
�RCbR�$�C&�B�V��
BC����D$YT�E H
BC!$INF U$
cH���
�d��H��N� 
BC�����HกB�?�OBOBP�HV�R�CO
�R�V�AB
L! $��ก�����d�!$YT�U$P�Y$$YT�U�FN�$&H�����W�T�$�'
�HN��
BC!����$O�_�B$
BC�����HกB�?�OBOBPU$P�Y$N�$
INF ก���$O�_�B$
BC�����HกB�?�OBOBPU$$YT�U�FN�$��
E$�L$F����&H�RCb ก�H���RB���C��P����U$�H'H'�� 
O$A�BC&�ก��ก��� N� RB'
BC�����HกB�?�OBOBPBBก��
B'R�C���T�O��BE H�H����ก
ZY$O�A�B'e KZ�CB�&O�Q$
B�$���'�RB���C��P����U$$YT� �T�UVFOก�N!���O���'CU$ก�����&H
$T���UPF���Ld!B��Ld!  
 ����'C�$ก��UPFE��&T� BC�T�V���IBLKO�B�D�
ก��NXNK�� (adsorption isotherm) V �'eE��O?A�BE�NC
!������?�$#D�HV�R�C�����c
BC�����HกB�?�OBOBPU$
$YT�E H���NXNK��
BCE
SCV �'eP$�NOPR$O
�R� I�FEB�O?$ 
(aspen wood) N�$E H�HกB$N�$ K�LBI �D E HWR�$I�F 
(Bucheli, 2000; Boving, 2004;  Grathwohl, 2002; 
Kleineidam,  2002; Sun, 2008)  C�$��&�'$�YO ABกUPF
E��&T� BC 2 E�� !ABIBLKO�B�D�ก��NXNK��
BC^��$N
 �!PD  (Fre)    (Boving, 2004,   Grathwohl,   2002)  KZ�C
O�Q$��ก��OB�I?��ก�  E HIBLKO�B�D�ก��NXNK��
BCL?
 �$�'D NX��$�$ O�$�D (PDM) (Kleineidam, 2002) KZ�C���
OB�������NF�$O!��ก�'d�?
BC�����HกB�?�OBOBP��
O�Q$?�����O�B�DNF�' E��&T� BC��YC�BCP$�NE�NCINFN�C$�Y 

��ก��E��^��$N �!PD: n
eqwFeqs CKC

1

,, =           (1) 
 

O�A�B eqsC , (µg g-1) E H eqwC ,  (µg l-1) !AB
!���O
F�
F$
BC��� H �'E H�����c
BC�����HกB�
?�OBOBP���WXกNXNK�����O� ���N�  ��� T�N�� 1/n !AB!R�!C���
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���E�NC!���WZC!���I�RO�Q$O$AYBON�'�ก�$
BC?AY$b��E H 
KF !AB!R�!C���ก��NXNK��E�� Fre 

 

��ก�� PDM: 
2

,

,

ln

exp
















































−−

ρ=
E

S

C
RT

VC
scl

eqw

ooeqs

         (2)

           

O�A�B V0 , oρ , E, Sscl  R E H T  !AB�������
�XC��N
BC�����HกB�?�OBOBP���WXกNXNK���RBก���
BCO
�R� 
(cm3 g-1), !���V$�E$R$
BC���?�OBOBP (g cm-3), 
? �CC�$���UPFU$ก��NXNK�� (J mol-1) !R�ก�� H �'
BC

BCOV � c �d��H��T�ก�R�&�NO'ABกE
SC (subcooled 
liquid) 
BC�����HกB�?�OBOBP (µg l-1) !R�!C���
BCEก~�
B�N�!�� (J mol-1 K-1) E HB�cVdX������X�cD (K) 
��� T�N�� 

 

2. 
KLก�M!
��#�N�ก�����
� 
2.1 ก���กO���#
$����	���  
 O
�R�&�กO!�A�BC'$�DN�OK  (DE) OกS�&�ก�RBIBO��'
O!�A�BC'$�DN�OK LN'UPFE��C F�C
�N
XNO
�R�BBก&�ก�RB
IBO��' �R�$O
�R�O�� _̂$ (RB) OกS�&�กO��Ob� _̂$U$
L�CC�$B�I�F'�C?��� LN'UPFE��C F�C
�N
XNO
�R�BBก
&�ก� RBC!��$  
 

2.2 ก������$���#
$����	���  
 $T�O
�R�&�ก��YC 2 EV RC ��EPR$YT�ก ��$�������&�ก
IBBB$ (Jonker and Koelmans, 2002) OB�O�?�H�R�$���
&�$YT�O
F�O!�A�BCV��$OV���'C�����!���O�S��B� 2600 rpm 
O�Q$O� � 20 $��� O�$YT�E HO
�R���� B'��YC O
�R��R�$���
&�$YT�UPF�T�V���V�!R�!��������WU$ก��NXNK�� $T�O
�R�
&�$YT����INFI�EPR$YT�ก ��$ (����� O�?�HIBBB$&�กOก AB 
CaCl2  H �'B'XR 0.01 mol l-1 O?A�B!��!��!���E�CIB
BB$�ก
BC$YT�UVFUก FO!�'Cก���d�?
BC$YT�U�FN�$) O
'R�O�Q$
O� � 24 h ���B�cVdX��VFBC &�ก$�Y$O
F�O!�A�BCV��$OV���'C
O?A�BE'ก$YT�BBก&�กO
�R� E H$T�I�B�U$�XFB�O?A�B�HOV'
$YT�BBก���B�cVdX�� 80 0C d�'U�F!���N�$���'�ก��O�Q$

O� � 48 h �T�ก���ก�NE'กOB������HกB�?�OBOBP E H
���BA�$e����ก!F�CBBกNF�'B��ก�cDKBกMDO �UPF����ก�N!AB
L� XB�$b��ก��O���$B U$B�����R�$ 1:6 �ก�NO�Q$O� � 
24 h E F�$T�O
�R����INF��B�UVFEVFC���B�cVdX�� 80 0C  O�Q$
O� � 24 h 
   

 
��L��P 1 ������ก���ก���ก����ก��� !  

 

2.3 ก��#������ !
��!L��ก
��������
����กRM�
���ก�$S��	
��	��� 

1. ��O!��HVDV������c#���!��D�B$ IMLN�O&$ 
E HI$L��O&$ (%CHN) LN'UPFO!�A�BC CHNS/O ��R$ 
Thermo Quest FlashEA 1112 
 2. �Zก[�?AY$���b��&T�O?�HLN'UPFO!�A�BC BET 
Surface Area Analyzer (SA 3100) LN'��#� Brunauer-
Emmet-Teller (BET) 
 

2.4 ก��UVกR��
W���
�ก�������� (Adsorption 
Isotherm) 

 ก��V�O� �U$ก��O
F��XR��N� 
BCก��NXNK��
�����HกB�?�OBOBPU$$YT�U�FN�$��CO!��HVD�$O
�R����UPFU$
ก���N BC��YC 2 P$�N �T�LN'O���'���� H �'����J�$

BC�����HกB�?�OBOBPO
F�
F$100 mg l-1 U$O���$B  
100 cm3 $YT�U�FN�$��CO!��HVDO���'�&�ก$YT�� BNIBBB$���
O���E! OK�'�! BI�ND���!���O
F�
F$ 0.01 mol l-1 E H
LKON�'�EBIKND (NaN3) �����c 0.025 g �RB��� H �' 
1000 cm3 (Sun and Zhou, 2008) O&AB&�C��� H �'
����J�$
BC�����HกB�?�OBOBPU$$YT�U�FN�$��CO!��HVD 
UVF��!���O
F�
F$ 10, 25, 50, 75 E H 100 µg l-1 $T�O
�R�



ก��NXNK��
BC���EB$���K�$E HI?��$�$O
�R�&�กU$$YT�U�FN�$��CO!��HVDNF�'O
�R�N�OK E HO
�R�O�� _̂$ 
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O��� CU$��� H �'
BC�����HกB�?�OBOBP���!���
O
F�
F$�R�Ce LN'UPFO
�R� 0.8000 g �RB��� H �' 1,000 
cm3 O
'R�NF�'O!�A�BCO
'R����B�cVdX��VFBCE H�T�ก��OกS�
���B'R�C��� H �'
BC�����HกB�?�OBOBP���OV ABV �C
ก��NXNK��������� 1 cm3 ���O� ��R�Ce &$��Y$��N���O� � 
240 h  �T�V������EB$���K�$E H���O� � 288 h �T�V���
���I?��$ $T���� H �' I���O!��HVDV�!R�!���O
F�
F$

BC��� H �'���O� ��R�Ce NF�'O!�A�BCEก~�L!���L�ก��^


̂  (GC/FID ; SHIMADZU GC-14B, BBBT 1.5% 
Uniport HP 100/120 SUS 2m. x 3mm. I.D.column ) 
OCA� B$I
ก���� O!��HVD!AB  B�cVdX��!B ��$D  210OC, 
B�cVdX��B�$O&!O�B�D 240 OC E HB�cVdX��N�O�!O�B�D 240 

OC !T�$�c�����c
BC�����HกB�?�OBOBPU$���d�!

BC��� H �' (CW) E H���d�!
BCO
�R� (CS) ���O� �
�R�Ce NF�'��#�N� ��  E H��O!��HVD!���E�ก�R�C
BC
ก�H��$ก��NXNK��
BCO
�R�E�R HP$�N&�ก!R����!T�$�cINF
E H&�ก!R� �ก[cH&T�O?�H������&�B�I�F  

 

3. [�ก�����
�
��#������ ![�ก�����
� 
3.1 [�ก��#������ !
��!L��ก
�	
��	��� 

O
�R�E�R HP$�N���bR�$ก�H��$ก���ก�NNF�'
B��ก�cDKBกKDO �E F�$T�����O!��HVDV������c#��� 
?��R�BC!D��HกB��R�$UViR
BCO
�R�!AB #���!��D�B$ 
E H�������c
BC#���IMLN�O&$O?�'CO Sก$FB' LN'O
�R�
E�R HP$�N�������c#���!��D�B$��� E�ก�R � C���
EV RCกT�O$�N
BCO
�R�  E�NCN�C����C��� 1  

 

�������P  1  ��#$��%�!�&���'�( )�*���+( , -
)(*!��+( (%CHN) 4(�5$6� 

 

3.2 [�ก��UVกR��\����P[�#�������W�$#�N� Brunauer-
Emmet-Teller (BET) 

?AY$���b��&T�O?�HE H!���O�Q$�X?��$
BCO
�R�
O�Q $ �| & &� ' ��� �� ! � � � �T � !�i �R B � �� � �c ก � � NX N K� �
�����HกB�?�OBOBPE�NCN�C����C��� 2    b ก����O!��HVD
? � �R � O 
 �R � ��Y C � B C P $� N I �R �� �X ? �� $ I � L ! � ? B �� � 
(micropore) LN'���O
�R�O�� _̂$ (RB) ����N�R�$
BC�X?��$
�� L K ? B �� �  ( mesopore) �R B �X ? �� $ � � L ! � ? B �� � 
(macropore) ��กก�R�
BCO
�R�N�OK  (DE) �T�UVF
!��������WU$ก��NXNK�������HกB�?�OBOBP
BCO
�R�
O�� _̂$ (RB) ��!R���กก�R�!��������WU$ก��NXNK��
BC
O
�R�N�OK  (DE) 

 

�������P 2 789(:;<=#>+?��7�-, -��#$�!�+?��7�-5�@ �A
7��(��B�5�@�5$6�,!6 -�(#� 

?AY$���b��E H������� 
�X?��$ 

O
�R�N�OK 
(DE) 

O
�R�O�� _̂$
(RB) 

BET surface area  
(m2 g-1) 

4.850 6.090 

mesoporous volume 
(cm3 g-1) 

(pore size 2-50 nm) 
0.01464 0.01889 

macroporous volume 
(cm3 g-1) 

(pore size > 50 nm) 
0.00851 0.00660 

                         

&�กก���Zก[�IBLKO�B�D�ก��NXNK��
BC
I$L��O&$
BCO
�R���YC�BCP$�N  &HOVS$INF�R��� �ก[cH
�BN! FBCก�� Type II 
BCก��&T�E$ก IUPAC (Donohue 
and Ananovich, 1998) 
BC���N������!���O�Q$�X?��$        
��������WB#���'ก��NXNK���$���������X?��$b��E����LK
?B���E H��L!�?B���(Long et al., 2008a, 2008b) U$
�R�$O�����F$
BCIBLKO�B�ก��NXNK��$�Y$���!���N�$���?��#D 
(P/P0) ��!R���T�e I$L��O&$&H!RB'eOก�Nก��NXNK��INF
O?���
ZY$ E H&HOก�Nก��NXNK��INFO?���
ZY$O�A�B'e O�A�B!���
N�$���?��#D��!R�O?���
ZY$P�YUVFOVS$WZCก�H��$ก��NXNK��    
�$?AY$b��b���HV�R�C�X?��$��LK?B���E H�X?��$��-        

#���  
(�FB' HLN'$YT�V$�ก) ���B'R�CO
�R� 

!��D�B$ IMLN�O&$ I$L��O&$ 
O
�R�N�OK  (DE) 64.43 2.63 <0.01 
O
�R�O�� _̂$
(RB) 

22.40 1.51 <0.01 
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L!�?B��� (Wikipedia, 2008)  KZ�CO�Q$ก IกU$ก��O���O�S�
�X?��$ (pore filling) �����YCE�NCUVFOVS$WZCก��NXNK��E��
V �'P�Y$(multilayer adsorption) ���Oก�N
ZY$�$?AY$b��b��
N�Cก R��B�กNF�' 
 

 
��L��P 2 ก���A���'5�@)(*!��+('(789(=#>5�@�5$6��!�CD( 
(RB) , -�5$6��;��  (DE) 
 

3.3 [�ก��UVกR��
W���
�!�ก�������� 
  ก��O
F��XR��N� 
BC�����HกB�?�OBOBP�$
O
�R� &�ก�X���� 3 ?��R���� H �'EB$���K�$UPFO� �U$
ก��O
F��XR��N�  240 P���L�C U$
cH������ H �'I?��$UPF
O� �U$ก��O
F��XR��N�  288 P���L�C ก��O
F��XR�d��H��N� 
$�$ก�R�
BCI?��$B�&O$A�BC&�ก��L�O ก� 
$�NUViRก�R�
EB$���K�$ KZ�C
�Y$�B$U$ก��NXNK��U$�X?��$��LK?B���&H
UPFO� �$�$ก�R� !R�?�����O�B�D�R�Ce
BC��ก��IBLKO�
B�D�ก��NXNK��INFE�NCN�C����C��� 3  

&�ก����C��� 3 &HOVS$INF�R�!R� KF E H !R� Vo ���
O �Q $ �� � ��� �R C � B ก WZ C ! � � � � � � � � W U $ ก � � NX N K� �
�����HกB�?�OBOBP ?��R�O
�R�O�� _̂$ (RB) ��!R� KF 
E H !R� Vo �XCก�R�O
�R�N�OK  (DE) KZ�C&HE�NCUVFOVS$INF

�R� RB ��!���&�ก��NXNK����� H �'INFN�ก�R� DE 
O$A�BC&�ก!R�?AY$���b�� BET 
BC RB ��!R��XCก�R�B�ก��YC
��N�R�$
BC�X?��$��LK?B����RB�X?��$��L!�?B���
BC BB 
กS��!R���กก�R� ?AY$���b�� BET E H
$�N�X?��$��LK?B������
��กก�R�
BC RB $R�&H��b UVF!��������WU$ก��NXNK��

BC RB ��!R��XCก�R�
BC DE E H?�&��c�!R�? �CC�$ก��
NXNK�� (E) ?��R�ก��NXNK�������HกB�?�OBOBP�$O
�R����
Oก�N
ZY$$�Y  O�Q$ก��NXNK����� Oก�N&�กE�CNZCNXN�HV�R�C
L�O ก� ���BRB$ O$A�BC&�ก��!R�? �CC�$ก��!�'!����FB$
!RB$
F�C$FB' !AB !R�? �CC�$ก��!�'!����FB$
BC���
EB$���K�$ O�R�ก�� -8.62 E H -8.84 kJ mol-1 E H!R�
? �CC�$ก��!�'!����FB$
BC���I?��$ O�R�ก�� 7.45 
E H 7.39 kJmol-1 �$O
�R�N�OK E HO
�R�O�� _̂$ 
��� T�N�� KZ�C!R�? �CC�$ก��!�'!����FB$�����!R�$FB'$�Y 
(��T�ก�R� 20 kJmol-1) (Jonker and Koelmans, 2002) 
�����W���&H�RC�BกINF�R�ก��NXNK�������HกB�?�OBOBP���
Oก�N
ZY$�$O
�R�$�Y O�Q$ก��NXNK����Cก�'d�? E H&�ก!R� 
1/n �����!R�O
F�Uก F 1  &H�RC�BกWZC!���E�ก�R�Cก�$
BC
�T�EV$RCNXNK�� (adsorption site) �$O
�R�$�Y$!AB
�����HกB�?�OBOBP�����WOก�HB'XR�B� e b��
BCO
�R�
INFV �'P�Y$ V�ABU$E�R HP�Y$
BCL�O ก� �����HกB�?�OB
OBP &H��NB'XRก��P�Y$
BCL�O ก� 
BCO
�R�U$P�Y$กRB$V$F�$�Y 
LN'&T�$�$P�Y$&HO�Q$��N�R�$ก��!���O
F�
F$
BC���WXก
NXNK�� E H&HO?�����ก
ZY$���!���O
F�
F$����XC
ZY$
BC���
WXก H �'U$��� H �'  
FB�X &�กก���N BCE Hก��^

BCE��&T� BCE�NCI�FU$�X���� 4 LN'���
FB�X &�กก��
�N BCE�$NF�'��i �ก[cD�R�Ce E��&T� BC PDM E�$
NF�'O�F$��H �R�$E��&T� BC Fre E�$NF�'O�F$�Z� 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



ก��NXNK��
BC���EB$���K�$E HI?��$�$O
�R�&�กU$$YT�U�FN�$��CO!��HVDNF�'O
�R�N�OK E HO
�R�O�� _̂$ 
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�������P 3 &6�7���$#�!���!6�@G +�ก)�*��:���$ก���A���',''+?� �@ Fre , -,''+?� �@ PDM 
Freundlich  isotherm PDM isotherm   

 
Soots 

 
 

PAHs 
 

KF 
 

1/n 
 

R2 
subcooled liquid 

solubility* 
(Sscl, µg l-1) 

 
Vo 

(cm3 g-1) 

 
E 

(J mol-1) 

 
R2 

ANT 0.74 0.96 0.97 6905.61 187.78 -8615.24 0.95 O
�R�N�OK 
(DE)l PYR 0.62 0.88 0.99 1100.95 44.66 -7449.93 0.98 

ANT 0.97 1.05 0.99 6905.61 200.30 -8839.33 0.97 O
�R�O��
_̂$(RB) PYR 0.66 0.89 0.99 1100.95 50.07 -7394.12 0.99 

* Solubility data for subcooled liquid; calculated from solubility data (Allen and Smith, 1999) 
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C
w
 (µµµµg l-1) 

C
w
 (µµµµg l-1) 

PYRENE 

ANTHRACENE 

��L��P 3 )�*��:���$ก���A���'�����-ก�'7;�����4((9?�4!L�#(��@�&��-M�'(�5$6��!�CD(, -
�5$6��;��  �N<@�5L��A6�$�� :;<�> ��-M>6�@ 240 , - 288 ��<>*$@ 

C
s (
µµ µµ

g 
g-1

) 
C

s (
µµ µµ

g 
g-1

) 
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4. ��KL[�ก�����
� 
O
�R�O�� _̂$E HO
�R�N�OK ��BC!D��HกB���C

O!���R�$UViRO�Q$#���!��D�B$ LN'O
�R�N�OK  (DE) ��
�R�$��HกB�
BC!��D�B$��H��c 3 O�R�
BCO
�R�O��

_̂$ (RB) U$
cH���?AY$���b�� BET 
BC RB��!R��XCก�R�
BC 
DE ?AY$���b��
BCO
�R���YC�BCP$�NI�R���ก��X?��$I�L!
�?B��� E H��N�R�$
BC��������X?��$��LK?B����RB
��������X?��$��L!�?B���
BC RB ��!R��XCก�R�
BC DE  
&ZC��!���&�U$ก��NXNK�������HกB�?�OBOBPINFN�ก�R� 
E Hก��NXNK�����Oก�N
ZY$$�YO�Q$ก��NXNK����Cก�'d�? ก��
UPFE��&T� BC PDM �����WE�NC!R�? �CC�$ก��NXNK��
N�Cก R��INF KZ�C?��R�EB$���K�$��!R�? �CC�$ก��NXNK��
��กก�R�I?��$ (!R���N ���กก�R�V�AB!�'!����FB$
��กก�R�) KZ�C�BN! FBCก���H'HO� �
BCก��O
F��XR��N� ���
?��R�EB$���K�$O
F��XR��N� d�'U$ 240 P���L�CU$
cH���
I?��$O
F��XR�d��H��N� ��� 288 P���L�C ?�����O�B�D KF 

E H VO U$��ก��E��&T� BC Fre E HE��&T� BC PDM 
E�NC!���E�ก�R�C
BC�����cก��NXNK��
BCO
�R�E�R H
P$�N U$
cH���?�����O�B�D E U$E��&T� BC PDM E�NC
!R � ?  � C C � $ 
B C ก � � NX N K�� U $ � H N� � ON� ' � ก� $ 
 B C
�����HกB�?�OBOBPP$�NON�'�ก�$E�F�R�&HNXNK���$O
�R�

�R�CP$�Nก�$กS��� ก��UPFE��&T� BC PDM B#���'       

FBE�ก�R�C �ก[cHก��NXNK�� �HV�R�C�����HกB��R�C
P$�Nก�$��
FBINFO���'�ก�R�E��&T� BC Fre O$A�BC&�ก��
?�����O�B�D E �����WB#���'�HN��
BCก��WR�'LB$
? �CC�$
cHOก�Nก��NXNK��KZ�C�RCb �RB�����c
BCก��
NXNK��INF  
 

ก����ก���L��ก�U 
bXF �� &� ' 
 B 
 B � !� c �� c �� � �� � ' �  � ' 

�V����'� �'�C
 �$!��$��D����$���$�$OC�$��$��&�' E H
d�!��P�����ก���O!�� �V����'� �'�C
 �$!��$��D���UVF
ก���$���$�$�W�$���NT�O$�$ก����&�'E HB��ก�cD��&�'  
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